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Dear Editor, 
 
We read with interest the recent publication by Van-Cutsem et al. (2019) in this 
journal on the impact of subjective thermal strain on endurance performance. Thermal 
discomfort is widely thought to have a critical role in modulating performance in the 
heat (Cheung, 2010; Nybo et al., 2014; Flouris & Schlader, 2015); however, the 
relative effects of physiological and subjective factors to heat-induced performance 
decrements are difficult to isolate experimentally. From the presented findings, the 
authors conclude that the subjective experience of thermal strain, independently of 
change in ‘general’ physiology (i.e. cardiorespiratory, metabolic and 
thermoregulatory state), modulates endurance performance in the heat. We write to 
express our concerns with this interpretation, given the methodology followed. 
 
The study by Van-Cutsem et al. (2019) sought to induce subjective thermal strain as 
an independent (of body thermal and general physiological state) mediator of 
performance, using 40°C conductive heating applied to a 1200cm2 area on the upper 
back. However, as demonstrated by the calculations below,  the application of a 
0.12m2 heat pad during exercise induces a significant change in the physical heat load 
to the exercising human. Below we detail a conservative estimate of the differences in 
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heat load when exercising in the control and heat pad conditions of the present study. 
This contains the estimated heat gain from pad to skin, and the reduced dry and 
evaporative heat loss from skin to environment, caused by the heating pad (Havenith 
& Fiala, 2016). 
 
Dry Heat Gain from the pad to the body =     
((Tpad – Tsk-under pad) / Rct) x PSA      (W) (1) 
 
Reduced Dry Heat Loss from the skin to the environment due to pad coverage =  
((Tsk-without pad – Tair) / (Rct + Ia)) x PSA      (W) (2) 
 
Reduced Evaporative Heat Loss from the skin to the environment due to pad 
coverage= 
((Psk-without pad – Pair) / (Ret + Rea)) x PSA      (W) (3) 
 
Condition Difference =  
↑ Dry Heat Gain + ↓ Dry Heat Loss + ↓ Evaporative Heat Loss  (W) (4) 
 
Increase in Body Heat Content at Exhaustion due to the pad =   
(Condition Difference x TTE) / 1000       (kJ) (5) 
 
Difference in Mean Body Temperature at Exhaustion =  
↑ Body Heat Content at Exhaustion / (Mass x Cp)     (°C) (6) 
 
Percentage increase in total heat load (%) =  
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(Condition Difference / Metabolic Rate) x 100    (%) (7) 
 
Required increase in sweat evaporation to counteract pad effect =  
(Condition Difference / λeff) x 3600      (g/hr) (8) 
 
Where: Tpad is the heating pad temperature; Tsk is the local skin temperature (around 34ºC 
without the heating pad); Rct is the thermal resistance of the t-shirt between the pad and the 
skin (0.03 m
2
.°C.W
-1
) affecting dry heat gain only; (Rct + Ia ) is the sum of the T-shirt and air 
layer resistance affecting dry heat loss (0.13 m
2
.°C.W
-1
); (Ret + Rea) is the sum of the vapour 
resistance of the t-shirt and the air layer resistance affecting evaporative heat loss (0.016 
m
2
.kPa.W
-1
); Tair is the air temperature (22°C); Pair is the vapor pressure of the air (1.03 
kPa); Psk is the vapour pressure at the wet skin’s surface (5.31 kPa); Metabolic rate is 
estimated based on VO2 x 350 (1225W); PSA is the pad surface area (0.12 m
2
); Mass is the 
participants mean body weight (69.8kg); Cp in the specific heat capacity of the human body 
(3.48 kJ/(kg.°C); TTE is the time to exhaustion in seconds in the heated pad trial (2092-s); 
and λeff is the effective latent heat of evaporation of sweat (2430 J/g ). 
 
Depending on the local skin temperature under the pad (Tsk-under pad; estimated range: 
34-39°C), and the magnitude of increase in pad temperature during the trial (estimated 
range: 40-43°C), this calculation indicates a 53-69W increase in heat load in the 
heated pad condition, compared to the condition without the heating pad. If not 
compensated by thermoregulatory responses, the corresponding difference in heat 
storage and mean body temperature between conditions over the course of the trial 
would be 111-144KJ and 0.46-0.59°C respectively. Based on a metabolic rate of 
1225W, this equates to a 4-6-% increase in heat load.  
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While no significant changes in core and mean skin temperature are observed by the 
authors, it is critical to recognise firstly that rectal temperature is slow to respond and 
relatively insensitive to non-uniform heating, and secondly that local skin temperature 
on the upper back in the heated pad area was not measured, and thus not considered in 
the calculation of mean skin temperature, which would have had a relevant impact on 
the skin temperature comparison. Furthermore, earlier work has indicated that a 
combination of core and skin temperatures do not necessarily reflect the actual change 
in body heat content, irrespective of the weighting used (Jay et al., 2007). Lastly, 
based on the estimated increase in required sweat evaporation to compensate for the 
pad impact (79-102g/hr), it is highly probable that the increase in heat load was 
partially offset by the observed 19% (310g/hr) increase in whole-body sweat rate, 
although despite the large size of the difference, this was not significantly different 
between conditions. 
 
Thus, in our opinion, the physical calculations do not support the notion that ‘general’ 
physiological states are unaffected by the present intervention, which was the key 
assumption in Van Cutsem et al.’s (2019) interpretation. Rather, based on the current 
methodology used, either one, or a combination of: upper back skin temperature (and 
thereby when included in the calculation, true mean skin temperature), the whole-
body heat content, whole body sweat rate, skin blood flow as well as thoracic spinal 
temperatures are different between conditions. Differences in any of these variables 
fundamentally prevent any clear separation between the impact of ‘general’ 
physiology (i.e. thermoregulatory, cardiovascular and metabolic state) and subjective 
experience on performance in the present study. Similarly, the issues highlighted 
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above are also likely true of previous research using similar methods to manipulate 
heat balance (e.g. research utilising localised cooling methods). 
 
On a separate note, we also feel it is pertinent to consider the authors’ interpretation 
of the RPE interaction statistic and the disregard for the non-significant difference in 
RPE at each isotime in this interpretation. Two-way interactions statistics (condition x 
time) indicate whether the effect of condition is differential as time progresses ; it is 
therefore plausible that a significant interaction statistic simply reflects the variable 
difference in RPE between conditions over time (e.g. the observed crossover in RPE 
between conditions over time). Importantly, interaction statistics should not be used to 
infer differences at the point when the participant took the decision to stop or continue 
exercise (i.e. 100% isotime). The isotime 100% comparison clearly shows that when 
participants were exhausted in the shortest trial (typically heat pad conditions), they 
were not experiencing a significantly higher RPE compared to the other trial 
(typically control). They were, however, experiencing different subjective and 
objective thermal states. We therefore urge caution in interpreting the present study as 
evidence in support of an RPE driven model of exercise performance, and argue that 
in fact, Van Cutsem et al. (2019) may present strong evidence to the contrary. 
 
Finally, the counter-argument that sensory tolerance is not the cause of exercise 
cessation is of concern. The position taken by Van Cutsem et al. (2019) assumes that 
thermal discomfort and its effect on performance is based on the absolute subjective 
intensity of thermal discomfort, independent of the time exposed to that discomfort. 
Contrary to this notion, we postulate that tolerance to thermal, or any other form of 
discomfort, is temporally dependant e.g. exposure to a certain level of discomfort for 
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5-hours is less tolerable than the same discomfort intensity for 5-seconds. Differences 
between subjective intensity and tolerance are widely recognised in pain and 
discomfort research (Schmidt et al., 2006; Streff et al., 2010; Geva & Defrin, 2013), 
although their relative contribution to behavioural thermoregulation and exercise 
tolerance remains to be investigated. 
 
In summary, based on the physical calculations of heat transfe r, Van Cutsem et al.’s 
(2019) results should be interpreted as additional evidence for the role of already 
established physiological principles (e.g. Nybo et al., 2014), as well as perhaps 
thermo-afferent feedback and discomfort tolerance (e.g. Flouris & Schlader, 2015), to 
heat-induced reductions in endurance performance. 
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